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Abstract — The chiral 9-alkoxy-S-borabicyelol3.3,1llnonane (1 and 2)-potassium
hydride and chiral potassium 9-alkoxy-g-boratableyelol3.3.11nonane (3and 4)
systems were applied to the enantloselective reduction (resclution) of repre-
sentative racemic epoxldes, such as 1,2-epoxybutane, 1,2-epoxyoctane, 3,3-di-
methyl-1,2-epoxybutane, and styrene oxide, The enantioselectivity by 1-KH
and 2-KH systems was in the range of 9.8-16.3% ee. The corresponding chiral
borohydrides, 3 and 4, resolved racemic epoxides examined in the range of
9,8-43,3% ce. All the reduction products were consistently enriched in the
enagntiomer wilth levorotatlon,

Our first report on the enantioselective reduction of racemic 1,2-epoxybutanre wi’rh the chiral (-}-
diisopjnocanmheylborane {{~ )-IPCzBH) =lithium chloride (1:0.1) system to give R—( J=2=butanol in 22%
ee at 0°C (eq 1) indicated the new methodology for the resclution of racemic heterocyclic com-
pounds.2 We have interpreted these results as the chiral organoberane discriminates R- and S-enan-
tiomers at the step of coordination to the hetero atom of ring followed by reduction.
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On this basls, we utilized the chiral R3B-KH and chiral KR3EH systems using readlily available chi-
ral auxiliaries in the enantioselective reduction of varlous racemic epoxides in the hope to find
out the mechanistic importance and to establish the proper system for such resolution.

We selected two chiral borinic esters, such as 9-isopinocampheyloxy-9-borabieyclel3. 3. 1Inonane (9-
O-IPC-9-BBN) (1} and 9-0-1,2:5,6-d1-0-isopropylidene-a-D-glucofuranose-9-borabicyclo(3. 3. 11 nonane
(9-0-DIPGF-9-BEN} {2 ), prepared by treating the corresponding alcohols with 9-BBN, These chiral
borinlic esters are readily converted to the corresponding potassium 9-alkoxy-9-boratabicyelel3.3.11-
nonanes, K 9-0-TPC-9~EBNH (3} and K 9-0-DIPGF-9-BBNH (4 }, by treatment of 1 and 2, respectively,
with excess potassium hydride {eq 2). We applied these four systems (1-KH, 2-KH, 3, 4) to the enan-
tioselectlve reduction of representative racemic epoxides, such as 1,2-epoxybutane, 1,2-epoxyoctane,
3,3-dImethyl-1,2-epoxybutane, and styrene oxide. The 1-KH and 2-¥H systems are believed to proceed
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via the initial enantiloselective coordination of the chiral borane on the epoxy oxygen followed by
reduction, while the borohydrides 3 and 4 , directly attacks the epoxy ring enarit ioselectively
(Scheme 1), Actually, 1t 1s cur major interest to evaluate the role of steps of enantloselectlve

coordination and enantioselective reduction,
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The enantioselective reacticn was carried out by either the treatment of 2 equiv of epoxide with 1
*
equiv of 9-OR -9-EBN followed by reduction with excess KH, or the treatment of 2 equiv of epoxide

¥
with 1 equiv of K 9-CR -9-BBNH, both at 0°. The reduction went to completion in 7-15 h and the
isolated yields of alcohols are 70-85%, as suwmarized in Table I-IV.

Scheme 1
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Table I. Enantlcselective Reaction of Representative Racemlic Epoxides with the 9—O—IPCG—Q—BBN (15—

KH System in Tetrahydrofuran at 0°C

- Yield 22 Absclut c tion®
Epoxide Eroduct (;) [a]” demree % ee®( cof‘l?iﬁéf) o;r:g on
L
1,2-Epoxybutane E-Butanold 76 -3.40 25.2 (R) 26.4
2-Butanol 78 +3.35 24.8 (8) 26.0
<
1,2-Epoxyoctane E-Octanold 85 =3.04 39,8 (R) 41,7
2-0ctanol a7 +3.87 35.0 (8) 40.8
3,3~Dimethyl~ 3,3=-Dimethyl-
1,2-epoxybutane 2-butanol® 81 ~2.32 28.6 (R) 23.9
Styrene oxide l—Phenylethanolc 75 4,03 9.4 (s} 9.8

+) 85.54 ee (-)-isopinocarpheol { [4)23 ~34.1°) used,

b) Based on the maximum [a] values reported : R—2—butanol3 —13.5O H S--E--octanolLl +9.9° 3
R—3,3-dj_rmthy1—2—butanolg -8,1° ; Rel-phenylethanol® +42.85°.

¢) From the reductlon of epoxide with the system.

d) From the reduction of distillate of the unreacted with LiA]Hq.

e) Corrected values for 100% ee (-)-lsopinocampheol.
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The optical yields of alcohols obtained by the 1-KH system, as summarized in Table I, appear to be
The ee values for the aliphatic serles examined are in the
On the other hand, the

variable with the structure of epoxides.
range of 26,0-41.7%, however the value for aromatic epoxide 1is only 9.8%.
absclute configuration of alcohol products are consistently rich in R for the aliphatic series and S

for the arcmatic cne with a constant levorotation.

Table II. Enanticselective Reaction of Representative Racemlc Epoxides with the 9-0-DIPGF '-—9-BBN
(2 )-H System in Tetrahydrofuran at 0°C

3-6
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Yield 22 Absol
Epoxide Product; %;) (o] degree % ee® (corsl(i:"ige.})
‘ 2-Butanol® 78 -4, 40 32.6 (R)
1y2-Epoxybutane 2-Butanol® 75 +4.12 30.5 (8)
2-0ctanol” 82 -4,58 46.3 (R)
1,2-Epoxyoctane 2-Octanol® 83 +h. 42 446 (8
3, 3-Dimethyl- 3,3-Dimethyl-
l:E-EpOxybutane 2 butanol® 75 -2.53 312 (R
Styrene oxide 1-Phenylethanal® g2 -10.6 24,7 (8)

£) [ot:l]%D -18.,5°% (e=5, HEO)’ 1,2:5,6-di-0-1sopropylidene—e-D-glucofuranose used.
b)= d) 3ee corresponding footnctes in Table I.

Tre 2-KH system achieves the enantioselectivity in the range of 24.7-4€.3% ee, being significantly

higher than that of the 1-KH system, as summarized in Table II,
value and absolute configuration is exactly same in both cases.

Table TTI. Fnanticselective Reaction of Representative Racemic Epoxides with K $-O-IPC®-9-RENH ( 3)

in Tetrahydrofuran at o°c

However, the trend both for the ee

Epoxide Product 1ot [e157 demee 2 ee"(‘z‘giﬁg?) Correction®
2-Butanol® 78 -3.33 24,7 (R) 25.9
Li2-Epoxyoutane 5 p¢ano1d 80 +3.19 24,3 (8) 25.4
2-0ctanol® 84 -3.68 37.2 (R) 39.0
Le-Fpoxyoctane 5 ot onot® 83 +3.61 36.5 (8 ) 38.2
e o
Styrene oxide 1-Phenylethanol” 78 -3.94 9.2 (5} 9.6

a)- e) See corresponding footrictes in Table II.

Table IV, Enantioselective Reaction of Representative Racemic Epoxides with K 9-O-DIPGF' -0-BENH (4 )

In Tetrahydrofuran at o°c

N Yield 22 Absolute
Fpoxide Product b
v e (%) [a]D degree b ee (conf'ign.)
2-Butano1® -
1,2-Epoxybusane Heane o " 3.67 2.2 (R
2-Butanol 70 +3.90 28.9 (S8
[+
1, 2_Epoxyoctane 2—Octanold T4 4,29 43,3 (R )
2-0ctanol 75 +4,09 41,3 (8
3,3-Dimethyl- 3,3-Dimethyl~
1:2-epoxybutane 2:butanolc 78 -2.16 2%6.6 (R)
Styrene oxide 1-Phenylethanol® 81 -9.38 21.9 (3)

k)= 1} See corresponding footnotes in Table IT.

The results achieved by 3 and 4 , as shown in Table TITI and IV, provide an interesting feature, even
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though & similar trend both for the ee value and absolute configuration is apparent, Thus, the enan-
tioselectivity by the chiral borohydride, which has no vacant orbltal for coordination, toward race-
mic epoxides 1s constantly lower than that by the chiral borane-KH system, This implies that the
step for the coordination of chiral organcborane to the hetero atom is Important in the enantloselec-
tive reaction,

EXPERIMENTAL

The experimental techniques used in handling air-sensitive materials are described elsewher\e.T Ir
spectra were recorded on a Perkin-FElmer 1330 spectrophotometer using a two syringe technique.? ll‘.B
N spectra were recorded with a Bruker WP B0 SY spectrometer. llB Nmr chemical shifts were report-
ed in ppm relative to BF3 OEtE. The alcohol products isolated by distillation were further purified
through preparative GC using a 10% Carbowax 20M on Chromcscb P colum (6 £t x 0.5 in.}. The purity
of alechol products was confirmed by a analytical GC. Optleal rotation was measured with a Jasco
DIP-360 Digital Automatic Polarimeter.

Preparation of 9——0R*—9—BBNS, 1 and 2., The procedure for the synthesis of 9-0-IFC-9-BEN (1) 1s re-
presentative. In an oven—dried 250-ml, round-bottom flask with a septum~capped sidearm and a reflux
condenser cormected to a gas burett was placed 150 ml of 0.5 M 9-BBN solution (75 mmol) in THF, To
this stirred solution 12.2g (79 mmol) of (-)-lsopinocampheol ( [#] 23 —34.1°, 95,5% ee)® was adaea
dropwise to liberate hydrogen at room temperature and the mixture was stlrred until the hydrogen
evolution ceagsed, Evaporation of THF followed by distillation under vacuum gave 19g of pure 1 (69
mol, $2.5%): bp 165-167°C/0.6 tm § B rmw (THF) 855.5 ppm. Similary, 91% yield of 2 was obtained:
bp 198-201°C/0.5 mm ; *'B e (THF) 856.3 pom.

Preparaticn of K 9—OR*-9—BBNHS , 3and 4., The procedure for the synthesls of K 9-0-IPC-G-BENE (3)
is representative, An oven—dried 500-ml, rcund-bcttom rlask equipped with a sidearm was attached to
a mercury bubbler., The flask was charged with 3g of oil-free potassium hydride (75 mmel) and 40 ml
of THF, To thls slurry, 13.7g {50 mmcl) of twas added and the mixture was stirred vigorously for 2
h at room temperature. The hydrlde concentration of the resulting solution was measured by hydroly-
zing an aliquot with a hydrolyzing mixture of THF-2 N HCl-glycerine {1:1:1). A 0.95 M concentration
of 3 was cbserved: ir (THF) 2003 e~ (Vg ); B nmo (THF) 4-1.52 ppm (a broad singlet).
similarly, the 0,96 M THF solution of4 was cbtained: lr (THF) 2038 o™ (V ); *'B nmr 41,3 ppm (2
broad singlet),

Reactlon of Racemic Epoxides with the 9—OR*-9-BEN-KH System. The following procedure for the enan-
tioselective reduction of racemlc 1,2-epoxycctane with the 1-XH system-is representative, To an
usual setup, 13.7g (50 mcl) of 1 in 30 ml of THF was charped and the solution was cooled to 07C.
And then 12,8g (100 mmol) of precooled 1,2-gpoxyoctane was added at a time with vigorous stirring.
The stirring was continued for 8 h at 0%. The solution was transferred to oll-free KH (38, 75 mmol}
via a double-ended needle and the mlxture was stirred vigorously for 7 h at 0°%. After the reaction
completed, the unreacted 1,2-epoxyoctane was distilled and collected, The residue remained 1in the
flask was hydrolyzed and oxidized with alkaline hydrogen peroxide in the usual marner. The agqueous
layer was saturated with anhydrous K2003 and the separated organie layer wes dried over anhydrous
MgS0y,. The alechol product was fractionated (85% yleld) and further purified by a preparative GC.
Finally, the optical rotation of pure product was measured: [a]gz -3.94° (neat), 39.8% ee in R.u
From the reduction of 1,2-epoxyoctane collected from the reaction mixture with LiAlH,, Se(+)=2-oc-
tanol in 39% ee was cbtained": [=} 32 +3.87° (neat). The results are sumarized in Table I,

*
Reaction of Racemic Epoxides with K 9-OR -9-BENHs, 3 and 4. The reaction for racemiec 1,2-epoxyoc—
tane with 3 1is representative. In the usual setup, the flask was charged with 52,6 ml of 0,95 M THF
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solution of 3 (50 mmol) and the solution was cooled to 0°C, To this was added at a time 12.8g of
precooled 1,2-epoxyocctane {100 mmol) and the mixture was stirred for T h at 0°c, The unreacted
epoxide was distilled and collected. The resldue was hydrolyzed and oxldized with zlkaline hydrogen
peroxide, The alcohel product was fractionated and purified as described above. The optical rota-
ticn of pure Z-cetancl was [¢] SE -3.68° (neat), 37.2% ee 1in R.

The reduction of the unreacted 1,2-epoxyoctane provided (+}-Z-octancl in 36.5% ee.u The results are
surmarized in Table III,
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